In this research gold nanoparticles (AuNPs) were synthesized by using aqueous extract of Elaeis guineensis (oil palm) leaves. Effects of reaction time on rate of reduction, size of particles and stability of gold nanoparticles were investigated. Reduction of gold precursor to form gold nanoparticles was monitored by recording SPR wavelength on a UV-vis spectrophotometer. SPR wavelength and maximum absorbance of the reaction medium reached a plateau after 60 min of reaction indicating complete reduction of gold precursor to gold nanoparticles. DLS measurements showed that polydispersed gold nanoparticles with average hydrodynamic diameter of 55.22 ± 42.86 nm were formed during the AuNPs synthesis reaction. Synthesized gold nanoparticles with zeta potential value of -14.7 mV were stable for 30 days.
Introduction
Metallic nanoparticles are commercially synthesized through physical and chemical modes [1] . These procedures are costly and deploy toxic reducing agents and stabilizers which are unsuitable for biological applications [2] . In the last decade, intense research efforts were directed towards development of green routes for synthesis of nanoparticles. Biosynthesis of metal nanoparticles has become a suitable alternative technique compared to physical and chemical methods [3] [4] [5] [6] [7] [8] [9] .
Gold nanoparticles gained special focus of researchers due to their use in optoelectronic devices, biosensors and catalysis applications [10] [11] [12] . In the last decade various plant resources were successfully utilized for synthesis of gold nanoparticlessuch as Pictacia integerrima, Inonotus obliquus, Stachys lavandulifolia Vahl, Pogestemon benghalensis, Nerium oleander leaves and Hibiscus Sabdariffa flower [13] [14] [15] [16] [17] [18] . These plants are rich resources of phytochemicals with aromatic hydroxyl, aldehyde and carboxylic functional groups.
Oil palm (Elaeis guineensis) is a persistent monocot and belongs to Palmae family and Cocoineae tribe [19] . Oil palm tree is normally grown in tropical areas. It is a crop that contributes significantly to Malaysian economy [21] . It gained second position as a feedstock for production of vegetable oil after soybean oil [20] . Presence of several phytochemicals, flavonoids and antioxidants-tannins, alkaloids, terpenoids, steroids, reducing sugars and saponins in oil palm leaves has been conclusively proved in recent studies [22] [23] [24] . Phenolic contents of aqueous oil palm leaf extract (catechins and carotenoids) are higher compared to those present in green tea leaf extract [25] .
In the present study aqueous extract of E.guineensis leaves, which are abundantly available in Malaysia as a major bio waste from oil palm industry, was used for biosynthesis of gold nanoparticles. Statistically designed experiments were performed to establish optimal conditions for synthesis of stable gold AuNPs. Size of gold nanoparticles and identification of bio compounds responsible for reduction of gold precursor were evaluated by using DLS (with zeta potential) and FTIR measurements respectively. Effects of reaction time on size and stability of AuNPs are described in this paper.
Nomenclature

AuNPs Gold nanoparticles
DLS
Dynamic light scattering FTIR Fourier transform infrared spectroscopy SPR Surface plasmon resonance
Experimental
Materials and methods
Gold (III) chloride trihydrate 99.99% pure was procured from Sigma Aldrich, Malaysia. Stock solution gold chloroauric acid with 12.69 mM concentration was made by mixing 500 mg of gold (III) chloride trihydrate in 100 ml deionized water. Precursor solutions of desired molar concentrations were prepared by appropriate dilutions of the stock solution. Oil palm leaves were collected locally from Felcra Berhad Nasaruddin Oil Palm Mill in Perak, Malaysia.
Preparation of oil palm leaves extract
The oil palm leaves were completely washed with distilled water. These oil palm leaves were dried by placing them under sunlight for one week. They were cleaned again with distilled water to get rid of dirt particles. These oil palm leaves were finally dried in an oven for 480 min at 70 ˚C. The fine powder was made from these oil palm leaves with IKA grinder to get particles of size 0.25 mm. The 2.0 g leaf powder was mixed with 500 rpm in 40 ml distilled water at 70 ˚C for duration of 10 min. The resulting mixture was filtered through gravity filtration using Whatman 40 filter paper. This filtrate was kept at 4˚C for future experimentation.
Synthesis of gold nanoparticles
Biosynthesis of AuNPs was done at room temperature by adding 10 ml of oil palm leaves extract in 60 ml of 1.53 mM aqueous gold chloroauric acid solution. Reaction solution was stirred at 30˚C and 500 rpm using six port hot plate magnetic stirrer. Synthesis of AuNPs was detected by witnessing a color change of the reaction solution from yellow to light red. Progress of the reduction of gold chloroauric acid to form gold nanoparticles was recorded by analyzing aliquot samples collected from the reaction medium at fixed time intervals and performing UV-vis spectrophotometric analysis. Maximum absorbance and wavelength for each reaction sample taken at different time intervals was taken from UV-vis spectra.
Characterization
Lambda Perkin Elmer UV-Visible spectrophotometer was used to get absorption spectra for AuNPs in range (400 to 700 nm). Average particles diameter and particle size distribution of gold sol were measured with DLS (Malvern Zetasizer Nano ZSP). Identification of functional groups of bio compounds present in oil palm leaves extract before and after reaction was done with FTIR spectrophotometer (Perkin-Elmer) in the range 450 cm -1 to 4500 cm -1 .
Effect of time on synthesis of gold nanoparticles
To find influence of time of reaction on synthesis of gold nanoparticles, aliquot samples from the reaction medium were taken out at different time intervals ranging from 5 min to 480 min. Impact of reaction time on synthesis of AuNPs was investigated by monitoring UV-vis spectrophotometric absorbance and λ max in range 530 nm to 555 nm.
Results and Discussions
A color change was observed from yellow to light red in reaction medium after 8 min of mixing at room temperature. Reaction solution changed its color from yellow to light red in about 8 min at room temperature. UV-vis spectra of samples of reaction solution collected at different time intervals are displayed below in Fig 1.   Fig. 1 . Time dependent UV-Vis spectra for AuNPs reaction solution Fig. 1 shows that no significant reduction of the precursor solution occurred in first 5 min of reaction (as no SPR peak formation and change in color of reaction medium was observed).Time dependent UV-vis spectra showed a broader peak at 555 nm for reaction sample collected at 10 min. Intensity of SPR band increased with progress of reaction with time and became almost constant after 60 min due to completion of reduction reaction. Intense wine red color of the reaction mixture was also observed after 60 min that indicated completion of reaction [26] [27] . Fig. 2 shows a plot of maximum absorbance at SPR wavelength with time of reaction. Increase in absorbance of the reaction medium during 5 min to 60 min was attributed to reduction of gold precursor and increase in population of AuNPs. The absorbance value became constant after 60 min reaction time due to complete reduction of available gold ions in the reaction medium. The maximum absorbance values for reaction samples at different time intervals was taken from UV-vis spectra. Change in maximum wavelength with reaction time is shown in Fig 3. No change in maximum wavelength was observed after 60 min reaction time as the size of the synthesized AuNPs became constant. Size of gold nanoparticles particles could not be accurately measured with DLS as DLS measurements also includes the thickness of layer of capping agents present on surface of nanoparticles [28] . This can be more confirmed by measuring the size of gold nanoparticles synthesized after 60 min time of reaction with Transmission electron microscope (TEM). 
Change in absorbance and max wavelength with time
Particles size analysis and stability
Particle size analysis for AuNPs was done by using DLS zetasizer. Hydrodynamic diameter of polydispersed gold nanoparticles was found to be 55.22 ± 42.86 nm as shown in Fig. 4 . [29] . The gold nanoparticles were found to be stable for one month with little or no agglomeration. Because gold nanoparticles start to agglomerate with each other due to low surface charge on particles and getting more stable energy state with passage of time. 
FTIR Analysis
The broad peak observed at 3390 cm -1 corresponds to O-H bonds which were contributed by alcohol and phenolic groups. The band observed at 1635 cm -1 and 1641 cm -1 were attributed to amides containing C=O bonds as shown in Fig. 6 . Some sharp peaks were also witnessed at 1071 cm -1 , 1552 cm -1 and 1412 cm -1 showing existence of aromatic C-O bonds, N-H bonds, and α-CH 2 bonds of cyclopentanone. Broader peaks were also found at 690 cm -1 and 700 cm -1 attributing to C-H alkenes [30] . The literature also showed the existence of phenolic and carboxylic compounds and many other important phytochemicals in oil palm leaves extract [22] [23] [24] . The phenolic, carboxylic, nitrogen compounds, vitamins and reducing sugars have been reported to play the role in reduction of gold choloauric acid and stabilizing AuNPs [31] . Fig. 6 . FTIR spectra for oil palm leaf extract before and after reaction.
Major differences in two peaks was witnessed at 3412 cm -1 and 1638 cm -1 . These two peaks indicate the role of O-H bonds (phenol, alcohol) and C=O bonds (carboxylic acids and its derivatives) in reduction of gold solution. The phenolic and carboxylic compounds were considered to be acted as reducing and stabilizing agents in the formation of AuNPs.
Conclusion
Biosynthesis of AuNPs was done by using aqueous oil palm leaves extract. Effect of time of reaction for reduction of gold was investigated. Polydispersed gold nanoparticles were formed with 55.22 ± 42.86 nm and -14.7 mV of zeta potential. The phenolic and carboxylic compounds were considered to be accountable for reduction of gold chloroauric acid to synthesize AuNPs. These phenolic and carboxylic compounds were found responsible as reducing and stabilizing agents in synthesis of AuNPs. The rate of reduction for formation of gold nanoparticles was increasing with increase in reaction time.
